Background Anemia and low-grade inflammation are reported to be associated with impaired long-term graft outcome in renal transplant (RTx) recipients. In this study, hemoglobin (Hb) and inflammation marker levels were correlated with measured glomerular filtration rate (GFR) in 128 pediatric RTx recipients over a median follow-up period of 10 years. Methods Serum levels of erythropoietin (EPO), hepcidin-25, high-sensitivity C-reactive protein (CRP) (hsCRP) and interleukin-6 (IL-6) were analyzed by enzyme-linked immunosorbent assays, and GFR was analyzed by 51 Cr-EDTA clearance.
Introduction
Anemia and low-grade inflammation are common complications in renal transplant (RTx) recipients. Every second pediatric RTx recipient is anemic according to the recently published registry data of over 3600 European patients [1] . In adults, the prevalence of post-transplantation anemia varies around 40 % [2] [3] [4] . Both in children and adults, crosssectional analyses have shown an association between low hemoglobin (Hb) levels and reduced graft function [1, 5, 6] . Similarly, low-grade inflammation, which often induces anemia, has been associated with decreased patient and graft survival, especially in adults [7] [8] [9] . Thus, knowledge of the underlying mechanisms is important.
The pathophysiology of anemia and inflammation in RTx patients is believed to be multifactorial. Sufficient allograft function is required for adequate erythropoietin (EPO) production to maintain erythropoiesis. EPO deficiency in the early phase after transplantation would appear to recover within the first year post-transplantation in most patients [10] [11] [12] . At the maintenance phase, impaired production or EPO resistance may, however, account for the high prevalence of anemia. In general, increased inflammatory activity typically causes EPO resistance [13] [14] [15] . Inflammatory stimulus is an activator of the rapid production of cytokines and acute phase proteins, such as interleukin-6 (IL-6) and C-reactive protein (CRP). IL-6 is the main inducer of CRP production [16] and also stimulates hepatic secretion of hepcidin-25, a peptide which links iron availability and requirements as it regulates iron homeostasis via the iron transporter ferroportin [17, 18] . Suppressed erythropoiesis and excess iron increases the synthesis of hepcidin-25. Reduced graft function may lead to elevated serum levels of hepcidin-25 due to reduced urinary excretion [19] .
Although anemia has been shown to be associated to decreased graft function, the role of low-grade inflammation and other anemia-related risk factors on graft function remains unexplored. The aims of this study were (1) to evaluate longitudinally the prevalence of low Hb and high levels of inflammatory markers at the maintenance phase (>1 year after transplantation) in pediatric RTx patients, (2) to identify anemia-related factors, such as blood count findings and EPO and hepcidin-25 levels at the early maintenance phase, when chronic allograft injury is rare and graft function is good, (3) to analyze the association between Hb levels and the inflammation markers high-sensitivity CRP (hs-CRP), IL-6 and erythrocyte sedimentation rate (ESR), (4) to study how the Hb levels associate with the kidney biopsy findings and, especially, how the Hb and inflammation marker levels correlate with concomitant and future glomerular filtration rate (GFR).
Materials and methods

Patients
This longitudinal analysis of post-renal transplantation Hb and inflammation marker levels was retrospectively performed in 128 pediatric patients who were transplanted at the study center between August 1988 and March 2006 and for whom stored serum samples were available for extensive laboratory analyses. All patients made regular visits to the transplant center at 3-to 6-month intervals during the first 2 years after renal transplantation and annually thereafter until transfer to adult care. Data on diagnosed acute rejection or immunoactivation in fine needle biopsies (used until 2000) during the first year and donor age were available for 78 (61 %) patients transplanted since 1997. Nine patients had undergone re-transplantation. In total, 11 grafts were lost, of which nine were lost due to chronic rejection, one due to membranous glomerulonephritis and one due to hemolytic-uremic syndrome. In addition, six patients died 4-15 years after renal transplantation.
All patients received triple-drug immunosuppression that included a calcineurin inhibitor (cyclosporine A or tacrolimus), an antimetabolite (azathioprine or mycophenolate) and low-dose methylprednisolone, as previously reported [20] . While azathioprine + cyclosporine A was the major combination therapy in the 1990s, the use of mycophenolate + tacrolimus increased in subsequent years. The drug combinations and dosing (blood levels) were, however, individualized according to rejection history, HLA-matching and observed side effects. Exogenous EPO was given to three patients (2.4 %) at 18-24 months after renal transplantation, 16 patients (14 %) at 6 years and 30 patients (35 %) at 10 years. EPO users were excluded from the measurements of the endogenous EPO levels taken at 1.5-4 years after renal transplantation.
Laboratory data
Clinical data and annual blood parameters were retrospectively obtained from the medical records. Anemia was defined according to age and gender-adjusted reference values of Hb for children: Hb < 112 g/L (age 1-7 years), Hb < 116 g/L (age 8-11 years), Hb < 120 g/L (age 12-15 years, girls), Hb < 124 g/L (age 12-13 years, boys), Hb < 130 g/L (age 14-15 years, boys) and Hb < 117 g/L in women and Hb < 134 g/L in men. Severe anemia was defined as Hb < 100 g/L. Leucopenia and thrombocytopenia were defined according to age- Cr-EDTA clearance with the modified Brochner-Mortensen equation [21, 22] , and acceptable distribution values were between 15 and 35 %. GFR was measured on every control visit, and the annual GFR decline (in mL/min/1.73 m 2 per year) was assessed in each patient from 1.5 years post-transplant to the last follow-up visit. Chronic kidney disease (CKD) stages were used as follows: stages 1-2, GFR > 60 mL/min/1.73 m 
Kidney graft biopsies
Protocol biopsies taken at 3 months after renal transplantation were available from 31 patients with another control biopsy at the later time point (1.5 and 3 years post renal transplantation). Biopsies at 1.5 or 3 years after renal transplantation were available from 50 RTx recipients. Renal histopathologic analysis was blindly performed (JL) according to the Banff '05 criteria [24] . The combination of interstitial fibrosis (IF) and tubular atrophy (TA) scores (IF + TA sum score of ≤1 = IF/TA negative; IF+ TA sum score of ≥2 = IF/TA positive) was used to describe chronic changes in allograft histology and related to anemia status.
Determination of EPO and hepcidin-25 levels
The levels of EPO and hepcidin-25 were retrospectively analyzed from stored serum samples using enzyme-linked immunosorbent assay (ELISA) methods (EPO: Biovendor, Karasek, Czech Republic; hepcidin-25: DRG Instruments GmbH, Marburg, Germany) according to the respective manufacturer's protocol. Samples for these analyses were collected as a part of the routine follow-up at various time points between 1.5 and 4 years after renal transplantation, and these variables were not followed longitudinally.
Determination of hsCRP and IL-6 levels
Levels of inflammatory markers hsCRP and IL-6 were determined in 747 and 764 serial serum samples, respectively. The samples were collected from stable patients without clinical signs of rejection or infection. HsCRP levels were measured using commercial ELISA kits (Circulex, Nagano, Japan), and IL-6 levels were assessed using the high-sensitivity ELISA kits of Diaclone (Besancon, France). Cut-off values for elevated hsCRP level were set to 1 and 3 mg/L, as previously described [9] .
Statistical analysis
Results are expressed as means and standard deviations for continuous variables with a normal distribution and as medians and interquartile ranges (25th to 75th percentile, IQR) for parameters with a skewed distribution. The statistical significance of differences between the groups was tested using the t test or Mann-Whitney U test, Kruskall-Wallis and chisquare tests, as appropriate. The repeated measures analysis of variance was used for the longitudinal description of markers over time. Pearson's correlation coefficient and Spearman's rank test were used to assess the associations between variables. Abnormally distributed variables, namely, EPO, hepcidin-25, hsCRP and IL-6, were log-transformed before the linear regression analyses. Multivariable regression analyses were performed to identify independent predictors of continuous Hb, hsCRP and ESR levels. All variables that correlated significantly in the univariable analysis were entered into the multivariable regression models. Two-sided pvalues of <0.05 were considered to be statistically significant. All statistical analyses were performed using SPSS version 20.0 (IBM Corp., Armonk, NY).
Results
The 128 pediatric patients enrolled in this study underwent renal transplanation at the median age of 3.8 (IQR 1.7-9.3) years and were followed for a median of 10 (IQR 7-14) years (Table 1) . Nearly half (48 %) of the patients were transplanted due to congenital nephrotic syndrome of the Finnish type (CNF) and 22 % due to congenital anomalies of the kidney and urinary tract (CAKUT). The mean GFR of the patients improved in the first 1.5 years after renal transplantation from 59 to 65 mL/min/1.73 m 2 and decreased thereafter to 43 mL/ min/1.73 m 2 at 10 years, with a mean annual GFR decline of 2.1 ± 3.7 mL/min1.73 m 2 per year. Nine patients required a retransplantation during the follow-up period.
Anemia and blood count
The mean blood Hb level increased clearly during the first year after transplantation and remained quite stable thereafter with a mean value of 115 ± 15 g/L in the 1580 samples taken at various time points between 1 and 10 years after transplantation. At 1 month after renal transplantation, 87 % of the patients were anemic, but the prevalence decreased to 48 % at 1.5 years and varied between 40 and 57 % thereafter. CNF patients were more anemic at 3 months (70 vs. 42 %; p = 0.004) and 3 years (53 vs. 35 %; p = 0.043) following renal transplantation compared to patients with other Values in table are presented as the number of patients with/without the percentage in parenthesis, as the median with the interquartile range (IQR) in parenthesis or as the mean ± standard deviation (SD), as appropriate CNF, Congenital nephrotic syndrome of the Finnish type; CAKUT, congenital anomalies of the kidney and urinary tract; CMV, cytomegalovirus diagnoses. Anemia frequency during the maintenance phase did not increase in patients who had acute rejections during the first year. Also, donor age did not show any correlation with Hb levels during the follow-up (data not shown). Anemia was normocytic and normochromic in the great majority of patients (Table 2 ). Leucopenia and thrombocytopenia were more frequent in anemic patients than in non-anemic patients [17 vs. 8 % (p < 0.001) and 14 vs. 9 % (p = 0.004), respectively] ( Table 2) .
Anemia and graft function
Anemic patients had significantly lower simultaneous GFR values from 6 months to 8 years after renal transplantation than non-anemic recipients ( Table 2 ; Fig. 1 ). The patients with CKD stage 1-2 had higher Hb levels (median120 g/L) than those with CKD stage 3 and CKD stage 4-5 (median 113 g/L and 110 g/L, respectively; p < 0.001 for both). Importantly, low Hb levels preceded decreased subsequent graft function. Hb levels at 1.5-2 years after renal transplantation, when the graft function was maximal, were significantly related to both concomitant (r = 0.328, p < 0.001) and subsequent (6 years post renal transplantation) GFR levels (r = 0.516, p < 0.001) (Figs. 2, 3) . Patients with normal Hb showed a clear improvement in GFR after renal transplantation, reaching the mean peak level of 79 mL/min/1.73 m 2 (p < 0.001) at 1.5 years, whereas patients with anemia at >1 year after renal transplantation only reached the peak level of 61 mL/min/1.73 m 2 . Thereafter, the slope of the annual decline in GFR was comparable (1.8 vs. 2.1 mL/min/ 1.73 m 2 ; p = 0.664). The mean GFR values of children with anemia were 6-19 mL/min/1.73 m 2 lower until the end of the 10-year follow-up period. Interestingly, mean GFR decreased to <60 mL/min/1.73 m 2 at 2 years and 6 years in anemic patients and non-anemic patients, respectively.
The influence of anemia status >1 year on annual decline in GFR was shown by multivariable model (R 2 = 0.421, p = 0.007), where the maximal GFR at 1.5-2 years (β = 0.567, p < 0.001) explained 27 % of the variation and age-related anemia (β = 0.386, p = 0.002) an additional 15 %.
Anemia and biopsy findings
Protocol biopsies at 1.5 and 3 years after renal transplantation showed IF/TA positive changes in 32 of the 50 patients (64 %). At the time of biopsy, anemia was evident in 50 % (16/32) of the patients with fibrosis compared to 17 % (3/18) in those with no fibrosis (p = 0.033). The mean Hb level was 115 ± 12 g/L in recipients with fibrosis compared to 121 ± 13 g/L in those without (p = 0.034). In 145 blood samples drawn 0.5-2 years before the biopsy (at least 1 year after renal transplantation), anemia was detected in 69 and 33 % of the patients with and without fibrosis (p = 0.020), respectively, suggesting an association between low preceding Hb levels and increased graft fibrosis. This possible association was further studied in a subgroup of 31 patients for whom biopsy samples were also available at 3 months post renal transplantation. Based on analysis of these blood samples, 18 of these patients had no fibrosis at 3 months but developed it later, and more than half (10/18) of these patients had anemia (mean Hb 
Erythropoietin
Serum EPO levels were somewhat higher in anemic patients than in those with normal Hb levels (median 7.7 vs. 5.6 mIU/ mL; p = 0.038) based on analysis of 101 samples collected at 1.5-4 years after renal transplantation ( Table 2 ). The EPO level showed an inverse correlation with Hb concentration (r = −0.215, p = 0.033) ( Table 3 ; Fig. 2 ). Measured EPO levels in CNF patients at 1.5-4 years after renal transplantation were significantly lower than those in other patients (5.1 vs. 7.6; p = 0.003) and additional EPO use was more common (48 vs. 19 %, respectively; p = 0.001). Univariable analysis showed a positive correlation between EPO and hsCRP levels (r = 0.248, p = 0.014), but this association did not retain significance (β = 0.159, p = 0.146) in the multivariable model (Table 3) . EPO levels were unrelated to concurrent (r = 0.029, p = 0.786) and subsequent (r = 0.076, p = 0.462) GFR levels (Fig. 3) . Fig. 2 Relationship between Hb and GFR (a), erythropoietin (EPO; b), hepcidin-25 (c), hsCRP (d), IL-6 (e) and ESR (f) at 1.5-2 years after renal transplantation (r Spearman's rank correlation). Hb hemoglobin; GFR glomerular filtration rate; hsCRP high sensitivity C-reactive protein; ESR erythrocyte sedimentation rate
Hepcidin-25
Serum hepcidin-25 level was measured in 106 serum samples drawn at 1.5-4 years after renal transplantation, with a median value of 9.4 (IQR 3.4-23.1) ng/mL. Hepcidin-25 level was unrelated to Hb concentration (r = −0.052, p = 0.603) ( Table 3 ; Fig. 2) . Surprisingly, hepcidin-25 levels were inversely correlated with the concomitant GFR (r = −0.305, p = 0.006) and the values at 1.5-2 years after renal transplantation predicted GFR at 6 years (r = −0.336, p = 0.001) (Fig. 3) . In the multivariable model (R 2 = 0.338, p = 0.005) Hb level at 1.5-2 years post renal transplantation (β = 0.424, p < 0.001) explained 25 % of the variation in GFR level at 6 years and hepcidin-25 level (β = −0.261, p = 0.005) explained an additional 9 % (Fig. 3) .
High-sensitivity CRP
High-sensitivity CRP levels were measured in 731 blood samples drawn at various time points between 1 month and 10 years after renal transplantation. The median hsCRP value was 0.40 (IQR 0.16-1.48) mg/L, with no significant association with time since renal transplantation. In total, 31 and 13 % of the hsCRP values were >1 and >3 mg/L, respectively, indicating low-grade inflammation. Fig. 3 Relationship between GFR at 6 years after renal transplantation and Hb (a), EPO (b), hepcidin-25 (c), hsCRP (d), IL-6 (e) and ESR (f) at 1.5-2 years after renal transplantation (r Spearman's rank correlation). Hb hemoglobin; EPO erythropoietin; ESR erythrocyte sedimentation rate; GFR glomerular filtration rate Table 3 Univariable and multivariable Elevated hsCRP levels were seen in 36 % of anemic versus 28 % of non-anemic patients (p = 0.038; Table 2 ). A weak negative correlation between hsCRP and Hb levels was evident only in the univariable (r = −0.095, p = 0.010) analysis of all 731 samples (Table 3) , but not in samples obtained at 1.5-2 years post-RTx when the graft function was maximal (r = −0.023, p = 0.807) (Fig. 2) . HsCRP levels were comparable (2.3 vs. 1.6 mg/L, p = 0.397) between patients with and without acute rejection during the first year after renal transplantation. Similarly, donor age (r = 0.102, p = 0.406) showed no correlation with hsCRP levels. These findings were also observed with other inflammatory markers.
HsCRP values showed only a weak correlation with kidney graft function (Table 3 ). In samples taken at various time points between 0.5 and 10 years after renal transplantation, low hsCRP values tended to associate with higher GFR, as shown in Fig. 1 . However, after the first 0.5 years hsCRP values were unrelated to GFR levels (Table 3) . Also, the hsCRP levels at 1.5-2 years post-RTx had no predictive value for subsequent GFR (Fig. 3 ).
Interleukin-6
Serum IL-6 concentration was assessed in 764 samples, with a median level of 1.4 (IQR 0.24-5.04) pg/mL. The levels were significantly elevated at 1 month after renal transplantation compared to the later period (median 3.3 vs. 1.29 pg/mL; p = 0.004). IL-6 level showed a positive correlation with hsCRP (r = 0.320, p < 0.001) but not with hepcidin-25 (r = 0.091, p = 0.421).
IL-6 levels were similar in the anemic and non-anemic patients (median 1.6 vs. 1.3 pg/mL; p = 0.092) ( Table 2) , and the values showed no association with the Hb levels in the univariable analyses (Table 3 ; Fig. 2) . Also, we found no correlation between the IL-6 levels with the concomitant or subsequent GFR values at any time point (Figs. 1, 3) .
Erythrocyte sedimentation rate
The ESR was recorded in 1512 blood samples, with a median level of 19.0 (IQR 12-30) mm/h. Elevated ESR (>25 mm/h) was seen in 33 % of the samples throughout the follow-up, and ERS levels showed a positive correlation with hsCRP values (r = 0.320, p < 0.001) ( Table 3 ). The median ESR value was 22.5 mm/h in the anemic and 16.0 mm/h in the nonanemic patients (p < 0.001, Table 2 ). ESR values also showed a strong negative correlation with Hb levels at 1.5-2 years after renal transplantation (r = −0.383, p < 0.001) and in univariable and multivariable analyses of samples from different time points (β = −0.369, p < 0.001) ( Table 3) .
As shown in Fig. 1 , patients with high ESR showed a lower GFR during the follow-up, but this was statistically significant (p < 0.05) only at 1 year after renal transplantation. ESR levels at 1.5-2 years after renal transplantation showed a negative correlation (r = − 0.276, p = 0.005) with the GFR levels at 6 years in the univariable analysis (Fig. 3) , but the predictive value of ESR on GFR level was no longer significant in the multivariable analysis. The ESR levels increased along the CKD stages, from 21 mm/h in the patients with CKD stage 1-2 to 23 mm/h and 27 mm/h in those with CKD stage 3 and CKD stage 4-5, respectively (p = 0.003).
Combining markers of anemia and inflammation
Patients with simultaneously elevated ESR of >25 mm/h and hsCRP of >1 mg/L showed decreased concurrent GFR at 0.5 years after renal transplantation when compared to those who did not (50.4 vs. 69.4 mL/min/1.73 m 2 ; p = 0.001). This was not seen at other time points. Moreover, GFR levels in patients with simultaneously elevated hsCRP and IL-6 levels did not differ from those in other patients. Combined anemia and high ESR level at 1.5-2 years after renal transplantation was associated with decreased concomitant and subsequent GFR up to 8 years after renal transplantation (p < 0.05 for all). However, anemia status (β = −0.401, p < 0.001) explained 19 % of the variation in GFR at 6 years and elevated ESR level (β = −0.147, p = 0.107) explained only an additional 2 % (R 2 = 0.211, p = 0.107). A similar analysis of combined anemia and elevated hsCRP or IL-6 level showed an insignificant effect of elevated inflammatory indices on GFR.
Discussion
We found low Hb and elevated inflammatory marker levels in a substantial proportion of pediatric Rtx patients throughout the 10-year post-operative follow-up. Hb levels showed an inverse correlation with EPO and ESR values but not with hepcidin-25, IL-6 or hsCRP levels. Hb levels also showed a strong inverse correlation with the measured GFR values, and anemia predicted reduced long-term graft function in these patients. In contrast, the inflammatory markers correlated poorly with the concurrent and future GFR values and did not bring additional diagnostic value to the Hb measurements. These results suggest that anemia, but not low-grade inflammation, is associated with impaired graft function in pediatric RTx patients.
We found an anemia frequency of 87 % during the early months after renal transplantation, decreasing to 40-56 % during the subsequent 1-10 years. This result is in line with previous reports both in adult and pediatric RTx patients, especially during the first months after the operation [1, 25, 26] . In the study of Yorgin et al. [27] on 162 pediatric RTx patients, the peak anemia (hematocrit) prevalence (84 %) was observed 1 month after RTx, with the percentage remaining high (64-82 %) during the 5-year follow-up. In that study, early anemia was less frequent in patients younger than 2 years at renal transplantation in comparison with older children. In our cohort, the youngest children were more anemic, which may be due to the high prevalence (76 %) of young CNF patients who were more anemic at the early phase and also later on. Also, the measured EPO levels at 1.5-4 years after renal transplantation were significantly lower among CNF patients and additional EPO use was more common, possibly reflecting the effect of bilateral nephrectomy prior to renal transplantation. The differences between CNF and other patients is, however, difficult to explain over the long term because long-term graft function is comparable in CNF and other patients [20] . Also, the basic defect in CNF, namely, lack of the podocyte protein nephrin, should not predispose these children to anemia.
An important but yet unresolved question is what causes anemia in RTx patients [28, 29] . We found leucopenia and thrombocytopenia in only a small proportion of the anemic patients (17 and 14 %, respectively), suggesting that generalized bone marrow suppression may be the cause in some, but not in the majority, of the patients. Iron deficiency may lead to anemia and has been reported in over 30 % of pediatric RTx patients [27, 30] . In our cohort, only 1-3 % of the anemic patients had microcytosis or hypochromia. In a subgroup analysis of 39 patients, only two patients had simultaneous anemia, microcytosis and low transferrin saturation (data not shown). Also, hepcidin-25 levels were not decreased in our anemic patients, suggesting that iron deficiency is the cause of anemia in only a minority of patients. This fits to our clinical experience that iron therapy is quite rarely helpful in anemic RTx patients.
Low-grade inflammation is a clinical challenge during the post-transplant period and may induce anemia [17, 31] . We analyzed the association of the inflammatory markers IL-6, hsCRP and ESR with the Hb levels during the 10-year follow-up and especially at the early maintenance phase when graft function was still good in most patients. The results show that IL-6 and hsCRP values did not correlate with Hb levels and that the values were similar in anemic and non-anemic patients, speaking against a strong association between inflammatory processes and anemia. On the other hand, ESR values correlated negatively with the Hb levels, and anemic patients had higher ESR values. Little is known about the behavior of ESR after transplantation, but the data on CKD and dialysis patients suggest that the ESR values are affected by several factors, such as plasma fibrinogen, ferritin, platelet and white cell counts as well as hematocrit [32] .
The interesting question which remains to be answered is: Which comes first-anemia or kidney graft injury? Fibrosis may impair the production of EPO by the peritubular cells, leading to anemia [33] , which fits with our finding of an association between Hb levels and IF/TA findings in the protocol biopsy samples. On the other hand, it is known that low Hb levels may associate with tissue hypoxia, possibly accelerating the development of chronic allograft injury [34] [35] [36] [37] . The importance of graft function was shown in a multicenter study by Choukroun et al. who demonstrated that normalization of Hb levels by exogenous EPO slowed down the decrease of GFR levels and reduced the incidence of end-stage renal disease in adult RTx patients [38] . In our study, anemia seemed to appear before renal fibrosis (1.5-and 3-year protocol biopsies), as 56 % of the RTx patients who developed fibrosis after the 3-month biopsy were anemic at 1 year post surgery compared to none among those patients with no fibrosis at any biopsy (p = 0.009).
Our anemic patients showed up to a 23 % decrease in the measured GFR at each time point during the 10-year followup, thereby verifying the previous cross-sectional observations on the association between the poor graft function and low Hb levels [1, 5, 27, 39, 40] . EPO is the main regulator of erythropoiesis, and anemia may be attributed to insufficient EPO production by the failing graft. However, the frequency of anemia did not increase with time and, at the early maintenance phase, EPO levels were higher, not lower, in anemic patients. Consistent with our results, serum EPO levels were inversely associated with Hb levels, but unrelated to GFR levels in a study conducted by Sinnamon and co-workers [41] . Adult RTx patients with anemia have been shown to present an additional 25 % risk for renal graft loss [42] , and increased risk for mortality [6, 26, 43] . The small number of graft losses among the patients in our study did not allow us to analyze the impact of low Hb levels on terminal graft failure.
Low Hb levels predicted reduced graft function by several years in our patients. Somewhat surprisingly, the inflammatory markers IL-6, hsCRP and ESR did not correlate with concurrent or future graft function. Also, no benefit was acquired by combining the marker findings. A marginal association was, however, found between the hepcidin-25 and subsequent GFR levels (p = 0.006). In adult RTx patients, low-grade inflammation has been associated with increased mortality, caused by increased occurrence of cardiovascular complications [7] . In pediatric patients these events are extremely rare and were not observed in our cohort.
The strengths of our study were its longitudinal study design, extensive follow-up of Hb and inflammatory marker concentrations as well as annual GFR assessment by 51 Cr-EDTA clearance for up to 10 years after renal transplantation. Our study also has a number of limitations, including the retrospective data collection and the single measurement of EPO and hepcidin-25 levels, which limit the conclusions on causality. Also, it was not possible to study the impact of different immunosuppressive drugs as the immunosuppressive protocol, including low-dose methylprednisolone, calcineurin inhibitors (cyclosporine A or tacrolimus) and antimetabolite (azathioprine or mycophenolate), was individualized and changed over time, excluding a meaningful analysis.
However, the increase in the use of tacrolimus + mycophenolate combination therapy in recent years, compared to the 1990s when azathioprine + cyclosporine A was the major combination therapy, has not resulted in any change in the frequency of anemia or elevated inflammatory markers (data not shown).
In conclusion, our study confirms previous cross-sectional findings that anemia is common among pediatric RTx patients years after the operation. The Hb levels correlated negatively with the concomitant and future graft function. In contrast, inflammatory markers hsCRP and IL-6 did not associate with Hb levels or GFR. A better understanding of the pathophysiology of anemia-associated deterioration of the graft function appears to be important, and it is possible that early correction of low Hb levels might slow down this process.
